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Schmidt, C., Bladt, F., Goedecke, S., Brinkmann, V., Zschiesche,
were subjected to Northern analysis, and this verifiedA Timely Expression Profile
circadian changes in abundance. In the other study (Mc-
Donald and Rosbash, 2001), similar estimates for the
number of cycling genes were obtained using indepen-
dent molecular methods, namely differential display orMolecular genetic analysis has yielded a detailed
gene chip analysis.mechanistic understanding of invertebrate and verte-
The genes corresponding to these cycling RNAs arebrate circadian oscillators, but we still know little
predicted to be relevant for a wide variety of biologicalabout how such molecular oscillators are connected
processes, including cellular detoxification, vision, syn-to rhythmic physiological processes. Two recent pa-
aptic transmission, learning and memory, protein cleav-pers in Cell and Neuron now address this scientific
age, olfaction, and insect cuticle formation (see Figure).issue through the use of gene chip technology to iden-
Although most of the identified genes were not pre-tify clock-regulated genes in an animal species.
viously characterized with regard to rhythmicity, some
of them can be tied to defined circadian processes. ForConceptual advances in our understanding of circadian
example, several genes encode visual components (theclock mechanisms have come about largely from ge-
ion channel gene trpl, the opsin genes Rh4 and Rh5,netic investigations carried out in model organisms, in-
and the ninaA gene), and it is known that Drosophilacluding the mold Neurospora crassa, the fruit fly Dro-
visual sensitivity changes in a circadian manner (Chensophila melanogaster, the plant Arabidopsis thaliana,
et al., 1992). Similarly, Drosophila locomotor activity isthe laboratory mouse Mus musculus, and the cyano-
known to be regulated in a circadian manner, and severalbacterium Synechococcus elongatus (reviewed in Young
of the identified cycling RNAs might be important forand Kay, 2001). These analyses have indicated that cir-
the circadian control of activity. One such transcript iscadian functions in diverse organisms rely on an endog-
ebony (e), which exhibits robust circadian cycling (Cla-enous oscillator that consists of interlocked molecular
ridge-Chang et al., 2001); consistent with a circadianloops wherein clock proteins feed back to regulate the
function, e mutants have severely disorganized locomo-transcription of their own genes. Although we know
tor activity rhythms (Newby and Jackson, 1991). Addi-quite a bit about the oscillator mechanism, there is still
tionally, Claridge-Chang et al. identified a cycling pepti-much to be learned about how circadian clocks are
dase (CG4723) with a phase similar to that of e, whichconnected to rhythmic physiological processes.
they postulate might be relevant for processing PDF, aMicroarray analysis offers a promising strategy for
neuropeptide known to function in the circadian controlfinding the molecules important for circadian control
of activity (Renn et al., 1999).functions. Importantly, these techniques will move the
Although all of the “cycling genes” appear to be underfield from the typical genetic screen for single rhythm
circadian clock control, studies by McDonald and Ros-mutants (and genes) to a more global analysis that simul-
bash indicate that few of these genes are direct targetstaneously yields information about hundreds or thou-
of the CLOCK (CLK) transcription factor, which has beensands of genes. New studies by Claridge-Chang et al.
implicated in clock output. Thus, there are only a few(2001) in Neuron and McDonald and Rosbash (2001) in
genes directly controlled by the central oscillator mech-Cell are a step in this direction. Using Affymetrix whole-
anism. Furthermore, both groups of investigators showgenome chips, these investigators searched the fly ge-
that many apparently noncycling fly genes (perhapsnome for transcripts showing circadian cycles of abun-
hundreds) are misregulated in circadian mutants, sug-dance in head tissues. Because about 50% of the head
gesting a broader control of gene expression by clockis brain tissue and the brain of the fruit fly contains a
products. A striking example of this is a large class ofwell-characterized circadian clock, both groups used
immunity genes that show increased expression levelshead RNA to make cRNA for chip analysis. Both studies
in the Clk mutant (McDonald and Rosbash, 2001).identified hundreds of cycling head transcripts, and well
A comparison of the new gene chip studies yields anover a hundred RNAs in each study exhibited robust
unexpected outcome: the two identified gene sets showcircadian changes in abundance. The studies of Cla-
only minimal overlap. Both groups of investigators foundridge-Chang et al. also revealed genes showing light-
more than a hundred robustly cycling RNAs (Claridge-dependent patterns of expression, and these may be
Chang et al.: 158; McDonald and Rosbash: 134), butrelevant for the light entrainment of clocks or other light-
most of the genes differ between the two sets. Indeed,driven behaviors. Importantly, all of the clock genes that
based on a comparison of the robustly oscillating RNAsare known to cycle were identified in these screens,
identified in these studies, the overlap between genewhich provided an immediate validation of the experi-
sets is accounted for by fewer than 30 genes. In addition,mental approach. Moreover, in one study (Claridge-
Chang et al., 2001), about 10% of the cycling genes one group (McDonald and Rosbash) found a greater
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Figure is based in large part on the phase
analysis presented in Claridge-Chang et al.
Arrows indicate the different processes; ZT
denotes zeitgeber time, or subjective time of
day.
number of daytime genes, whereas the other group not as many as in cyanobacteria, where the clock is
(Claridge-Chang et al.) identified more nighttime genes more intimately connected to the genome, with the vast
in their robustly cycling populations. At first glance, majority of genes exhibiting transcriptional rhythmicity
these differences are a little surprising since the two (Liu et al., 1995). Notwithstanding the exact number of
groups used similar or identical gene chips (from Affy- cycling fly genes, the identification by Claridge-Chang
metrix) and both employed head RNA samples for the et al. and McDonald and Rosbash of a potentially large
synthesis of hybridization probes. The different results collection of novel oscillating molecules in the fruit fly,
might be a consequence of the different methods used concomitant with the new clues these molecules offer
to analyze chip data. Whereas both groups used repli- about circadian control mechanisms, will keep the field
cate chips (per time point) and statistical cut-off values ticking for some time to come.
to eliminate false positives (“noise”), each used a differ-
ent method for revealing oscillations in transcript abun- F. Rob Jackson and Andrew J. Schroeder
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